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Abstract 
With more and more strict energy efficiency standard of residential buildings in Tianjin, the residential buildings’ 
heating energy consumption has become smaller. In this paper, 9 heating modes of low energy residential buildings 
were analyzed. The analysis results show the most impact factor on the total primary energy consumption is the heat 
source efficiency, and the heat loss ratio of central modes is a large proportion of building heat demand. The method 
and results of analysis are significances to both Tianjin and cities in North China. 
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1. Introduction 
Heating mode (HMs) affects total primary energy consumption (TPEC) and emission of heating system. 
Yi Jiang [1] have researched heat source efficiency (HSE) of 7 heat sources (HS) and concluded that the 
HMs possessing higher HSE were reasonable in the North China. Weiguo Han et al. [2] has researched 6 
HMs in Beijing and found that heat loss of central HMs was 52% of building heat demand (BHD). By 
restricting heat transfer coefficient of building envelope and window to wall ratio, the BHD of residential 
buildings has been reduced to 29.3kWh/m2·a in 2014 in Tianjin from 117.2kWh/m2a before 2000. But the 
rational HM for low energy residential buildings (LERB) was in suspense. In this paper, the complete 
analysis instead of partial analysis was done that it focused on the TPEC of HM which was used to 
evaluate the rationality, including all parts of heating system, for instance HS and distribution system and 
BHD. The complete analysis method can be used in both Tianjin and cities in North China. 
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Nomenclature 
 
HMs Heating Modes 
TPEC Total Primary Energy Consumption 
HSE Heat Source Efficiency 
HS Heat Source 
BHD  Building Heat Demand 
LERB Low Energy Residential Buildings 
PEC Primary Energy Consumption 
CFC Coal Fired Cogeneration 
CFB Coal Fired Boiler 
GFB  Gas Fired Boiler 
GHAHP Geothermal Heating + Absorption Heat Pump 
GHHP Geothermal Heating + Heat Pump 
GFMB  Gas Fired Modular Boiler 
GFHB Gas Fired Heating Boiler 
ERHF  Electric Radiant Heating Film 
ASHP Air Source Heat Pump 
PN Primary Network 
SN Secondary Network 
OHL  OverHeating Loss 
HES Heat Exchange Station 
HLR Heat Loss Ratio 
2. Research method  
Reverse deduction method used in the research of the TPEC was calculated based on the same BHD of 
LEBR. As shown from the results, HMs’ rationality to LEBR was assessed. 
3. Research process 
3.1. HMs classification  
9 HMs that harbored 90% of area residential buildings heating in Tianjin and are the most common 
HMs in North China were selected as conventional classical HMs. Every HM consists of the parts 
including HS, distribution system and heating terminal. According to the difference of HMs’ parts, HMs 
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were classified into central and decentralized modes. In the meantime, the HMs were classified into four 
ranks as urban level, regional level, architectural level and indoor level, in accordance to the scale (Table 
1). HM classification supplies macroscopic analysis basis. 
Table 1 Classification of HMs 
Classification HS Distribution parts 
Central 
Urban CFC, CFB, GFB Primary network, heat exchange station, secondary network 
Regional GFB, GHAHP, GHHP 
Heat exchange station, 
secondary network 
Decentralized 
Architectural GFMB - 
Indoor GFHB, ERHF - 
3.2. Energy flow chart 
According to the HMs classification and parts, the energy flow chart (Figure 1) obviously shows 
energy flow, energy consumption and heat loss. It is the foundation of calculation. 
 
 
Fig  1. Energy flow chart 
3.3. Heat sources efficiency  
HSE is defined as the ratio of heat output of HS to the TPEC of the HS fuel consumption and auxiliary 
machines energy consumption as follows: 
u XDI] 44
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Here, ηz is HSE. Q is heat output of HS. Qf is the primary energy consumption (PEC) of fuel. Qau is the 
PEC of auxiliary machines. 
HSE of cola fired cogeneration (CFC) was calculated by the formula shown below: 
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u                                                                                                        (2) 
Here, ηz is HSE of CFC. ηrd.r, 49.2% is heating efficiency in cogeneration condition. ηd.d, 40% is 
generation efficiency in generation condition. ηrd.r and ηd.d were derived from the investigation data. α is 
 Yan Lu et al. /  Energy Procedia  88 ( 2016 )  800 – 806 803
energy consumption index of auxiliary machines, which is the same as 0.04. ηrd.d is generation efficiency 
in cogeneration condition, which is the same as 28.8%. So the HSE of CFC is 153.8%.  
The HSE of coal fired boiler (CFB) and gas fired boiler (GFB) was calculated based on the 
investigation data: 64.4% [3]and 88.2%[4] respectively(Figure 2, Figure 3). 
HSE of geothermal heating + absorption heat pump (GHAHP) and HSE of geothermal heating + heat 
pump (GHHP) are 198.3% and 223.5% respectively. 
HSE of gas fired modular boiler (GFMB) is 94% and HSE of gas fired heating boiler (GFHB) is 
83.1% according to the relevant national regulation [5]. 
The fuel for electric radiant heating film (ERHF) is electricity. The transfer efficiency of electricity to 
heat is 97%. So the HSE of ERHF is the product of generation efficiency and transfer efficiency, i.e., 
36.6%. 
HSE of air source heat pump (ASHP) is calculated by curve of coefficient of performance in different 
enthalpy of air in winter, is 122.8%. 
 
 
Fig  2. HSE of CFB 
 
Fig  3. HSE of GFB 
3.4. Heat loss 
Heat loss of primary network (PN) and secondary network (SN) is 5% and 7% respectively according 
to the average network investigation [3]. 
The indoor temperature of some rooms just met the design requirement in the heating period, while the 
temperature of other exceeded the requirement.  
Overheating loss (OHL) is the heat loss caused by excessive heating. The hydraulic imbalance of 
central HMs is the root cause of OHL. 
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3.5. PEC of heat exchange station 
PEC of heat exchange station (HES) is expressed by a ratio of heat exchange station primary energy 
consumption to amount heat of exchange. The ratio has a range from 1.3% to 6.1% and the average is 
3.0% [3] (Figure 4).  
 
 
Fig. 4 PEC of HES 
4. Results 
Derived from the data above, the data of energy flow chart is shown in Table 2. Under the same BHD, 
the TPEC varies with HMs. The most important factor which affects TPEC of HMs is HSE (Figure 5). 
HSE is inversely proportional to TPEC, whether it is central or decentralized mode, choosing the rational 
HS becomes the most important factor to reduce TPEC. 
Table 2 Calculation results 
HMs 
PEC 
(kWh/m2a) 
Heat loss 
(kWh/m2a) 
BHD 
(kWh/m2a) 
HSE HLR 
Classification HS name HS HES TPEC PN SN OHL 
Total 
heat 
loss 
Heat users 
Central 
Urban 
CFC 25.3 1.1 26.4 1.9 2.6 5.1 9.6 29.3 153.8% 32.76% 
CFB 60.5 1.1 61.6 1.9 2.6 5.1 9.6 29.3 64.4% 32.76% 
GFB 44.1 1.1 45.2 1.9 2.6 5.1 9.6 29.3 88.2% 32.76% 
Regional 
GFB 41.9 1.1 43 0 2.6 5.1 7.7 29.3 88.2% 26.28% 
GHAHP 18.7 1.1 19.8 0 2.6 5.1 7.7 29.3 198.3% 26.28% 
GHHP 16.5 1.1 17.6 0 2.6 5.1 7.7 29.3 223.5% 26.28% 
Decentralized 
Architectural GFMB 31.2 0 31.2 0 0 0 0 29.3 94% 0.00% 
Indoor 
GFHB 35.3 0 35.3 0 0 0 0 29.3 83.1% 0.00% 
ERHF 80.1 0 80.1 0 0 0 0 29.3 33.6% 0.00% 
ASHP 23.9 0 23.9 0 0 0 0 29.3 122.8% 0.00% 
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Fig. 5 Relationship of HSE to TPEC 
 
Heat loss ratio (HLR) is defined as the ratio of total heat loss to BHD. To LERB, HLR of central HMs 
is more than 26%. So in order to improve central HMs rationality, reducing the HLR is necessary, 
especially in the part of improving the hydraulic balance of network. 
5. Conclusion 
In North China, the method that can completely and obviously analyze HMs should be used. The 
impact factors of HMs and the parts of improving will be found to ensure BHD and TPEC cutting down 
simultaneously. 
In the case of Tianjin, some conclusions can be got as follows. 
With a plummeting BHD, the rationality of decentralized HMs is better than central because of the 
absence of heat loss parts in decentralized HMs. 
To central HMs, implementing a heating system of reusing waste heat and renewable energy should be 
advocated, for instance the CFC, GHAHP and GHHP. CFB should be prohibited and GFB should be used 
in a smaller scale.  
ERHF should be prohibited strictly because it has the highest TPEC.  
The government should enforce series of regulations to guarantee the usage of the rational HMs to 
LEBR in order to reduce the TPEC and emission. 
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